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EPR Sample Preparation
TEMPO (2,2,6,6-Tetramethylpiperidin-1-yl)oxyl) was obtained from Acros Organics. The triarylmethyl radical was a generous gift from the research group of Prof. Snorri Sigurdsson and prepared by standard procedures. 1 A 1 mM stock solution of TEMPO (7.8 mg, 50 µmol) in dry toluene was prepared and diluted by a factor of four to obtain a 250 µM solution. The same procedure was repeated to obtain 250 µM TEMPO in deuterated toluene (d8-toluene). 100 µL of these solutions were transferred to 4 mm EPR tubes. Furthermore, 50 µL of a 250 µM solution in toluene were transferred to a 4 mm EPR tube and 75 µL were transferred to a 3 mm EPR tube. A 1 mM solution of triarylmethyl radical (1 mg, 0.9 µmol) was prepared in toluene and 100 µL were transferred into a 4 mm EPR tube. All these samples were measured at X-band frequencies.
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EPR Measurements
The inversion recovery experiment was performed at various field positions for both compounds 3 and 4 at Q-band (~34 GHz) at 10 K as shown in Figure S3 . The traces were phase corrected and fitted with biexponential decay functions. The faster component is attributed to spectral diffusion and the slower component is to T1 relaxation. The spectral diffusion has been neglected as its amplitude is an order of magnitude lower than the T1 contribution. The T1 time constant varies around 18% for compound 3 and 3% for compound 4 as shown in the Table S1 Furthermore, the zero-crossing point or the filter time TF were read out from the individual traces and tabulated in Table S1 . TF varies about 14% for 3 and 22% for 4 across the field positions.
Figure S3
The inversion recovery traces recorded at different field positions for both compounds 3 (left) and 4 (right) measured at Q-band (~34 GHz) at 10 K.
Table S1
The longitudinal relaxation time constant, T1 and filter time TF obtained from inversion recovery traces (as shown in Figure S3 ) 
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Echo detected field sweep experiments were performed on the mixture of 1 and 2 by optimising the echo forming pulses in the Cr(I) (1) or Cr(III) (2) spectra (DCr(I) or DCr(III)), respectively. The spectrum obtained from DCr(III) was used in combination with optimal inversion pulses and corresponding filter times to recover individual spectra of 1 and 2 from their mixture as shown in Figure S4 . In order to demonstrate the effect of various experimental parameters a solution of a wellstudied S = 1/2 TEMPO radical was used. The time domain traces were independent of the detection pulse length, T and deuteration of the solvent. However, sample size influences the nutation profile as shown in Figure S5 . To obtain the nutation frequencies, the time domain data was background corrected followed by applying hamming window function, zero filling and Fourier transformation. The contributions from a second frequency diminish with a decrease in sample width instead of sample height ( Figure S6 ). Nevertheless, the comparison of initial frequencies is reliable for a range of known S = 1/2 complexes as demonstrated in the Figure S7 . The appearance of a second frequency (~14 MHz at X-band) is independent of deuteration of the solvent or experimental parameters discussed above. Hence, this contribution could be tentatively attributed to the protons present in the compound. 
Figure S6
The Fourier transform of (a) and (d) from Figure S5 . For S = 1/2 system, Nutation frequencies were observed to be 9 MHz. The second contribution seems to decrease by decreasing the sample width instead of sample height.
